During starvation or carbohydrate deprivation certain changes take place in the metabolic pattern of animals and human beings, leading to "abnormalities" in carbohydrate metabolism. These changes reveal themselves in manifold ways: the glucose tolerance curve after carbohydrate deprivation is high and prolonged (1-4), and after severe starvation the RQ response to administered glucose is low or absent (5) . Glucose uptake by the isolated rat diaphragm has been shown to be reduced in animals maintained for some time on a carbohydrate-free diet (6) . The rise in blood pyruvic acid after glucose is late and prolonged in fasted human subjects (7) . In hepatectomized animals the amount of glucose necessary to prevent the blood sugar from falling is reduced, and the survival time without glucose is prolonged, if a carbohydrate-free diet has been given before the experiment (8, 9) . The spontaneous carbohydrate intake is low in rats after a period on a carbohydratefree diet (10) .. The insulin content of the pancreas (11) and the blood sugar lowering effect of injected insulin (12) is reduced by carbohydrate deprivation. Recently it has been found that changes can be demonstrated on the enzymatic level. Muscle phosphorylase activity is increased, and the percentage of phosphorylase a is higher than normal in rats having fasted for one to five days (13) .
All these findings demonstrate that during carbohydrate deprivation profound changes are taking place in the hormonal and enzymatic pattern of carbohydrate metabolism, leading to the characteristic picture of starvation diabetes (14) .
In a recent report Natelson, Pincus and Lugovoy showed that the level of serum citric acid decreases after ingestion of glucose by normal human subjects (15) . It was therefore thought of interest to determine the variations in serum citric acid when glucose was given to subjects having been fasted for some time.
PROCEDURE AND METHODS
Normal students, ranging in age from 20 to 25 years, were fasted for a period of seven days. Water was given ad libitum and the subjects were allowed complete freedom as regards moving about or staying in bed. Weight, pulse rate, urine volume and ketonuria were determined daily. In some cases plasma bicarbonate was determined at frequent intervals.
At the end of the starvation period 70 grams of glucose were given orally. Blood glucose was determined before administration of glucose and at 30 minute intervals thereafter for three hours. Serum citric acid was determined prior to and at hourly intervals for the same three hours. In each case a similar test was performed in the normal state, either before the starvation period, or three to four weeks after, when normal weight has been regained.
All subjects were confined to bed during the test. Blood glucose was determined by the Hagedorn method, and serum citric acid by the method of Thunberg as modified by M&rtensson (16) .
RESULTS
A decrease in body weight from 4.8 to 7.2 kg. (average 5.6 kg.) was observed to occur during the experimental period. Ketonuria usually appeared on the second or third day of fasting. Plasma bicarbonate generally decreased by 4 to 6 m.eq. in the course of the week.
The results of the glucose administration are shown in Table I . It is evident that in the first 10 cases the glucose tolerance curve is higher and more prolonged after fasting than in the normal state. The serum citric acid shows a fall in most instances in the normal state. After starvation a decrease is found only in a few subjects. Usually no change or a small rise occurred. Figure 1 shows the changes in the serum citric acid levels in these 10 cases. The average values of these changes in the first, second and third hour after glucose administration are -3.8, -4.6 and -4.0 y/ml. in the normal state. After starvation the corresponding average values are + 1.7, + 3.8 and + 1.1 y/ml. The difference between these 361 average values is statistically significant at every point of the curves (t = 3.65, 3.19, 4.43; to.01 = 2.88). The average of the zero values in the normal and post-starvation state are 32.1 and 33.7 y/ml. (no significant difference).
In the last two cases shown in Table I different results were obtained. The glucose tolerance curves after starvation were essentially normal, showing no significant change when compared with the curves obtained in the normal state. In these two cases no flattening occurred in the serum citric acid curve after starvation. In all other respects observed (general behaviour and activity, body weight, ketonuria, decrease in plasma bicarbonate) these subjects did not differ from the first 10 listed.
DISCUSSION
The results obtained confirm the findings of Natelson, Pincus, and Lugovoy (15) that the cit- and Lugovoy have suggested two possible explanations, either an inhibition of the citric acid formation, or an increased demand on the oxidative cycle during the sudden invasion of the blood stream by a large mass of glucose.
From the experiments reported here it appears that the normal fall of serum citric acid is lacking in most instances when glucose is given aftcr a period of starvation. Actually a small increase was seen in most cases. It seems natural to combine the absence of a fall in the citric acid level with the other known abnormalities of carbohydrate metabolism in carbohydrate deprivation, in particular with the finding of a reduced glucose uptake by isolated muscle in animals maintained on a carbohydrate-free diet. To a certain extent the high level characteristic of glucose tolerance curves after starvation seems to represent a stasis of blood glucose, the migration of glucose from extracellular space to the tissue cells being lower than normal. If it is true that the normal fall of serum citric acid after glucose administration is caused by a withdrawal of serum citric acid by the cells for use in the oxidative cycle, it seems reasonable to assume that the lack of fall after starvation is an expression of the fact that less citric acid is needed for such a process. It has been shown recently (17) that epinephrine causes a rise in serum citric acid, a fact that might have some connection with the observed difference in citric acid response.
The finding of normal citric acid curves in the two subjects where the glucose tolerance curves were uninfluenced by starvation adds further support to the correlation between glucose and citric acid variations. It is well known that the effect of starvation or carbohydrate-free diet on the glucose tolerance curve shows a wide variation from one person to another, but essentially normal curves after starvation for one week is a rather surprising finding.
One point needs to be considered. During the starvation period a slight fall in plasma bicarbonate occurred, usually of about 4 to 6 m.eq. When glucose was given after the starvation period, we observed a rapid rise of plasma bicarbonate back to the initial values. It is known that the urinary excretion of citric acid is influenced by the pH of the blood, being higher in alkalosis, and lower in acidosis (18, 19) . Moreover, a few experiments seem to indicate that the serum level of citric acid can be increased by administration of bicarbonate and decreased by acidifying substances (20, 21) . In our experiments the starvation period with its slight acidosis did not in itself cause any significant change of serum citric acid. However, the rapid change in plasma bicarbonate during the post-starvation glucose test might perhaps be thought to influence the serum citric acid level. The pH of the blood was not determined in these experiments, but the possibility of the acid-baseequilibrium playing a part in the changes of citric acid observed after glucose ingestion was excluded by the findings in one of the two subjects whose citric acid curve was unaltered by starvation. In this case the slight fall of plasma bicarbonate in the starvation period, and the abrupt rise during re-feeding was just as pronounced as in the subjects who responded to starvation with the usual flattening of the citric acid curve.
As a practical consideration from the results obtained, it is emphasized that serum citric acid determinations for use in clinical work (liver diseases, etc.) must be made on serum obtained in the post-absorptive state.
SUMMARY
Experiments are reported on the effect of starvation on the fall of serum citric acid after glucose administration.
In 10 cases the well known high and prolonged glucose tolerance curve of starvation diabetes was obtained after one week's fasting. In these cases no fall was found in the average citric acid values; on the contrary a small increase often being encountered.
In two cases where no significant abnormality of the glucose tolerance curve was found after the starvation period, the serum citric acid decreased as in the normal state.
The lack of a fall of serum citric acid in starvation diabetes is thought to be connected with the low peripheral glucose utilization found in this state. 
